Background: Studies have shown that left ventricular mass, diagnosed by echocardiography, correlated poorly with blood pressure, even when the 24-hour ambulatory blood pressure monitoring was taken into account in the analysis. This may be partly because there are other determinants of left ventricular mass such as age, gender, neurohormonal factors and heredity.
Left ventricular hypertrophy (LVH) has been shown to be a significant risk factor for adverse outcomes both in patients with hypertension and in the general population.
1,2 Although for many years LVH was thought to be a beneficial compensatory mechanism for maintaining wall stress in left ventricular (LV) pressure and volume overloads, epidemiological studies using electrocardiography (ECG) and more recently echocardiography (ECHO) have elucidated the profound independent risk of LVH for congestive heart failure (CHF), 3, 4 coronary artery disease (CAD), 5, 6 life-threatening arrhythmias 7 and cardiac mortality. [1] [2] [3] [4] Studies have shown that, among other things, increased left ventricular mass (LVM) is associated with a significant excess of cardiovascular morbidity and mortality.
8 This is independent of the co-existence of coronary artery disease and hypertension. 8 There is a threefold increase in the mortality rate in persons with either of these conditions in addition to increased LVM. 8 The risks of coronary, peripheral or cerebral vascular disease are also raised even among normotensive individuals with LVH. 1, 3, 4 LVH defined by ECG has been shown to be an independent risk factor for cardiovascular events. 4 More recently LVH defined by echocardiography, a more sensitive diagnostic tool, has similarly been shown to increase cardiac risk. 9 Recent data from the LIFE study (Losartan Intervention For Endpoint reduction in hypertension) revealed a close correlation between microalbuminuria and ECG-determined LVH. [10] [11] [12] Regression of LVH has also been shown to be possible using either antihypertensive drugs (except hydralazine and minoxidil) or non-pharmacological lifestyle modifications. Therefore an understanding of the factors promoting increased LVM in hypertensive Nigerians may permit the development of strategies aimed primarily at preventing LVH or promoting regression more effectively. Moreover, to the best of our knowledge, no work of this nature has been carried out in this environment.
The objectives of the present study were to assess the nonhaemodynamic and haemodynamic correlates of LVM among hypertensive Nigerians seen at the University College Hospital (UCH), Ibadan, Nigeria. ysis of prospectively collected data. Eligible patients were men and women aged 18 years and older with established hypertension, who were attending the hypertension clinic at the hospital. Diagnosis of hypertension was based on systolic blood pressure of ≥ 140 mmHg and diastolic blood pressure of ≥ 90 mmHg or those on antihypertensive therapy.
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Subjects with a previous history or symptoms of ischaemic heart disease, echocardiographic evidence of regional wall motion abnormalities, or established congestive heart failure were excluded from the study. Other exclusion criteria included patients with hypertrophic cardiomyopathy, left bundle branch block and those with incomplete echocardiography reports. Ethical approval was obtained from the institution's ethical review board.
The estimated minimum sample size was 255 hypertensive subjects. The calculation of the minimum sample size was based on the prevalence of echocardiographic LVH in hypertensive subjects at the UCH, Ibadan, which was between 16.5 and 25.8% depending on the cut-off value used in defining LVH.
14 The study power was 80% (20% beta error) and the alpha error was set at 5% (0.05).
Clinical evaluation
Baseline clinical and demographic characteristics were obtained from the subjects' case notes. These included date of birth (age), gender, history of diabetes, history of smoking, duration of their hypertension, and family history of hypertension. Also obtained were the blood pressure, pulse rate, body weight and height at the time of echocardiography. Body mass index (BMI) was calculated using the formula: 
Echocardiography
All the echocardiograms were performed with the use of a commercially available echo-machine (ALOKA SSD-1, 700) and a 3.5-MHz linear array transducer. This was performed on each subject in the left lateral decubitus position. All measurements were made according to the American Society of Echocardiography leading edge-to-leading edge criteria.
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LV measurement was obtained at end-diastole and end-systole. The LV measurements recorded included interventricular septal thickness at end-diastole (IVSTd), posterior wall thickness at end-diastole (PWTd), and the LV internal dimensions at end-systole (LVIDs) and end-diastole (LVIDd). Other parameters obtained were left atrial diameter, aortic root diameter, indices of LV diastolic function [early-filling velocity (E-velocity), latefilling velocity (A-velocity) and deceleration time (DT)].
Two experienced cardiologists performed the echocardiography. In our laboratory, the intra-observer concordance correlation coefficient ranged from 0.76 to 0.98 while that of the interobserver concordance ranged from 0.82 to 0.96.
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Calculation of echocardiographically derived variables
Left ventricular mass was calculated using the formula that has been shown to yield values closely related (r = 0.90) to necropsy LV weight and which has good inter-study reproducibility.
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LVM (ASE) = 0.8 [1.04 (IVSTd + LVIDd + PWTd) 3 + 0.6 g Relative wall thickness was calculated as twice the posterior wall thickness/LV internal dimension in diastole. Relative wall thickness of 0.43 or greater was considered abnormal.
19 LV hypertrophy was considered present when LV mass exceeded 51 g/m 2.7 in both men and women.
Haemodynamics
Left ventricular volumes were estimated using the formula of Teichholz et al. 20 These include: LV end-diastolic volume, LV-end systolic volume, stroke volume and cardiac output. These measurements have been validated with the invasive Doppler echocardiographic method. The ratio of pulse pressure to stroke volume was used as an indirect estimate of global arterial stiffness. 22, 23 LV peak wall stress (dynes/cm 2 ) was calculated as:
Statistical analysis
SPSS version 11.0 (SPSS, Inc, Chicago Illinois) was used for statistical analysis. Continuous variables were expressed as mean ± SD and categorical variables as percentages. We assessed differences in categorical variables by Chi-square analysis while the unpaired t-test was used for comparison of continuous variables between men and women.
To determine the independent predictors of LV mass, multiple regression models were created. Univariate regression was first performed for each continuous and categorical variable. Thereafter variables having a significant correlation with LVM were entered in stepwise multiple regression models.
In the final model, variables that exhibited a high degree of collinearity were added or deleted iteratively. This was to achieve a model with consistency and conciseness. The probability value to enter and remove was set at p ≤ 0.05.
results
Of the 285 subjects enrolled, there were 153 men (53.7%) and 132 women (46.3%); overall mean age was 58.2 ± 13 years. Of these, 146 patients were presenting for the first time at the hypertension clinic (51.2%).
About 70.2% of the subjects were on thiazide diuretics and 56% were on calcium channel blockers. Angiotensin receptor blockers and beta-blockers were prescribed for 44.6 and 13.7% of the subjects, respectively. More than 60% of the subjects were receiving two or more classes of drugs.
The clinical and demographic characteristics of the subjects are shown in Table 1 . There was no significant difference in the mean age between the genders. The men were taller than the women (p = 0.0006) while the women were heavier than the men (BMI, 27.2 ± 5.6 vs 25.6 ± 4.8 for women and men, respectively. About 64% of the women were overweight compared to 51% of the men.
The duration of hypertension was longer in the men than the women. A history of alcohol consumption was also commoner in men. A positive family history of hypertension was obtained in 43 subjects and more often in men. There was no significant difference in blood pressure, heart rate, history of cigarette smoking, presence of diabetes mellitus, marital status and origin of subjects between the two genders. Table 2 depicts the biochemical characteristics of the subjects. Tables 3 and 4 summarise the echocardiographic parameters. Except for septal wall thickness and indices of LV systolic function (ejection fraction and fractional shortening), which where higher in men, all the parameters were similar in the men and women.
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Echocardiographic findings
When the subjects were grouped into those with increased LV mass (left ventricular hypertrophy) and those with normal LV mass, significant differences were found in their clinical, biochemical and echocardiographic characteristics. Hypertensive subjects with left ventricular hypertrophy were found to be older, heavier and had higher baseline systolic, diastolic and mean arterial blood pressures. Their resting heart rate was also significantly higher. They had higher serum sodium, lower serum potassium (0.015), higher serum creatinine and higher uric acid levels. This group also had higher fasting blood glucose and lipid profiles (total cholesterol, triglycerides and LDL cholesterol). Accordingly they also had lower mean HDL cholesterol levels.
Comparison of their echocardiographic variables revealed that subjects with increased LV mass (LVH) had larger aortic root diameters, left atrial diameters and LV wall thickness. LV internal dimensions (both in systole and diastole), LV enddiastolic and end-systolic volumes, stroke volume and cardiac output were also higher in the group with LVH. On the other hand, subjects with increased LVM had lower indices of LV systolic function (ejection fraction and fractional shortening), relative wall thickness, total peripheral resistance and pulse pressure-stroke volume ratio. These were all statistically significant. There was no difference in the indices of LV diastolic function (E-velocity, A-velocity, E/A ratio and deceleration time).
Determinants of LV mass
As shown in Table 5 , LV mass correlated fairly well with duration of hypertension (r = 0.123), alcohol consumption (r = 0.209), cigarette smoking (r = 0.190), presence of diabetes mellitus (r = 0.187), body weight (r = 187) and height (r = All the haemodynamic parameters also showed a relationship with LV mass. The relationship was mostly positive except for fractional shortening (r = -0.380), ejection fraction (r = -0.415), total peripheral resistance (r = -0.329) and pulse pressure/stroke volume ratio (r = -0.284), which showed a negative relationship with LV mass. LVM was not significantly related to indices of LV diastolic function. However the relationship with A-velocity and deceleration time was negative
In a stepwise multivariate linear regression analysis, the independent predictors of LV mass were LV wall tension, left atrial diameter, LV wall stress, LV end-diastolic volume, diastolic blood pressure, family history of hypertension, and alcohol consumption. These variables explained about 95% of the variability in LV mass (Table 6) . A sub-analysis of the newly presenting hypertensive subjects did not yield additional or different information.
discussion
Left ventricular mass is a powerful and independent risk factor for cardiovascular events. In this study, the prevalence of echocardiographically defined LVH in subjects aged 20 to 94 years was 38.9%. Previous studies have reported prevalences ranging from 15 to 64%. [24] [25] [26] In a study of 50 untreated hypertensive and 50 normotensive subjects, Ganau et al. 27, 28 showed that systolic BP, stroke-volume index and end-systolic stress/volume index ratio were strong determinants of indexed LVM. Another study by Jones and colleagues 29 also observed that changes in haemodynamic load may induce LVH and abnormal LV remodelling in hypertension.
These parameters were determined in the present study, where it was found that LVM correlated with end-diastolic volume, end-systolic volume, stroke volume, stroke index, cardiac output and cardiac index. LVM was also found in this study to be related to total peripheral resistance, pulse pressure/stroke volume ratio, LV wall tension and LV wall stress.
Dahan and colleagues 30 reported LV end-diastolic volume and end-systolic meridional stress-to-volume ratio as the main determinants of LVM in a population of patients on haemodialysis. A recent comprehensive report by Chen and co-workers 31 is also in keeping with our findings. Major predictors of LVM in our model included LV wall tension, left atrial size, LV wall stress, LV end-diastolic diameter, diastolic BP, family history of hypertension and alcohol consumption. Parameters that cause the left ventricle to remodel can be categorised as those that affect the external or internal LV loads. To date, it is still unclear how many vascular parameters affect cardiac load. The vascular or haemodynamic parameters may affect blood pressure, properties of the arterial wall, or size of the arteries. For example, systolic blood pressure imposes external load on the left ventricle. It is a reflection of the ejection force of the heart and is influenced by factors such as arterial wall stiffness and transmission speed.
On the other hand, diastolic blood pressure determines the LV end-diastolic pressure, which is the pressure required for the aortic valve to open. It affects the internal load of the left ventricle. In our model, diastolic blood pressure was found to be an independent determinant of LV mass. Its role as a predictor of LVM stems from the fact that stretch on the cardiac myocytes is a stimulant for cardiac hypertrophy. It causes activation of intracellular messengers, changes in ionic homeostasis, and increased synthesis of various proteins as well as growth factors.
32 All these can result in cardiac muscle hypertrophy. The same applies to the role of LV wall tension and wall stress as a predictor of LV mass.
The association between alcohol consumption and LV mass is not well established. A previous report on a Caucasians population has shown that heavy drinking has a positive but weak association with LV mass. 33 On the contrary, Sax et al. 34 did not observe any relationship between alcohol consumption and LVM.
Our finding that a family history of hypertension is a strong predictor of LV mass corroborates the report of other workers. It has been demonstrated that LV mass is significantly elevated in normotensive offspring of hypertensive parents, and siblings of people with LVH. 35 Moreover, studies on twins have shown some influence of genetics on LV mass, which was independent of other factors. 36 This may not be unconnected with higher ambulatory blood pressure loads.
Negative observations
We did not observe the independent relationship between body mass index and LVM previously reported by other workers. 37, 38 BMI showed a weak correlation with LVM in the univariate regression analysis. On the other hand, there was a strong association between BSA and LV mass in this study as reported by some workers, but not an independent determinant. This study did not find age as an independent determinant of LVM as previously reported.
24,39 Its correlation with LV mass was also weak in the univariate analysis (r = 0.061).
There was little gender difference in the echocardiographic parameters. Gender also correlated weakly with LV mass. Two possible reasons are that (1) the influence of gender on LV mass could have been accounted for by other factors such as height, weight and body surface area; (2) the choice of a non-genderspecific partition value for the definition of LVH in this study could have obliterated any gender difference. Some workers have reported gender as a determinant of LV mass. 40, 41 Aortic root diameter did not enter our model as a predictor of LVM. The study by Chan et al. 31 has reported aortic root diameter as one of the five strongest determinants of LV mass in their subjects, apart from stroke volume, systolic BP, BMI and end-systolic meridional stress-to-volume ratio.
Although total peripheral resistance showed a strong relationship with LVM in the univariate analysis, it was not an independent predictor of LVM. This corroborates some studies that showed that vascular resistance is not a good index of haemodynamic loading. 42 We also confirmed the rather surprising, inappropriate and negative relationship between LV mass and indexes of arterial stiffness noted earlier by Chan et al.
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Limitations of the study
The first limitation of the study was the fact that it was retrospective and cross-sectional. It can only claim association but not causality. Secondly, clinic or casual blood pressure was measured in the subjects. Many studies have shown that ambulatory blood pressure is more closely associated with LV mass than clinic blood pressure.
Thirdly, other variables such as insulin resistance, blood viscosity, and carotid intima-media thickness that have been documented as determinants of LV mass were not assessed in this study. Fourthly, this study did not correlate ECG findings with ECHO findings. The authors will explore this in future research.
Lastly, there may be concern about the independence of the haemodynamic parameters, which were derived from some M-mode measurements also used in the calculation of LV mass. This concern has been addressed in the recent report by Chan et al. 31 They tested the reliability of M-mode parameters by comparing them with those obtained with the two-dimensional echocardiographic truncated ellipsoid formula, which were devoid of M-mode-derived parameters in 1 238 subjects. They noted a lower overall model variance (0.59 vs 0.74) but with the same top predictors of LV mass contributing to 98% of the total variance.
Conclusion
This study found that the most important determinants of LV mass were LV wall tension, left atrial size, LV wall stress, diastolic BP, a family history of hypertension, and alcohol consumption. These factors appeared to explain about 95% of the variability in LV mass in hypertensive Nigerians seen at the University College Hospital, Ibadan. Mechanical or haemodynamic factors, possibly interacting with genetic and social factors are the likely determinants of LV mass in Nigerian hypertensive men and women. Therefore modulation of these factors pharmacologically or non-pharmacologically will be of benefit in the management and control of hypertension in this population.
The implications of this study are that measures that effectively modulate wall stress and wall tension as well as blood pressure control, for example antihypertensive therapy, can cause early regression of LVH. Early screening of relatives of hypertensive subjects may provide an effective blood pressure-control programme. Non-pharmacological treatment such as avoidance of excessive alcohol consumption may be an effective tool in a blood pressure-control programme.
However, based on the recent findings by the LIFE study, [10] [11] [12] which showed a correlation between ECG and ECHO findings, as well as the recommendation of the World Heart Organisation, 'echocardiography in hypertensive patients in sub-Saharan Africa should be used only for research purposes and is not cost effective in resource-poor countries'.
